Abstract Osteoblastoma is an uncommon benign boneforming tumor that accounts for fewer than 1% of all bone neoplasms. Its periosteal subtype, ''periosteal osteoblastoma'', is extremely rare, and the rarity of this tumor makes it difficult to draw conclusions regarding its clinical and radiological features. We report herein a case of periosteal osteoblastoma of the distal femur of a 17-year-old woman. As far as we are aware, the MR appearance of this tumor has not been well described. Periosteal osteoblastoma usually manifests on MR images as a bone-surface lesion accompanied by characteristic marked edema in the surrounding soft tissue, reflecting inflammation, without intramedullary edema. This case and a review of the literature suggested the advantage of MR imaging for differentiating periosteal osteoblastoma from other boneforming surface-type lesions. We should be aware of this uncommon neoplasm when we encounter surface-type bone tumors, particularly in young patients with complaint of persistent pain and typical MR appearance.
Introduction
Osteoblastoma is an uncommon benign bone-forming tumor that accounts for fewer than 1% of all bone tumors [1] . Although osteoblastoma mainly affects the posterior elements of the vertebral column, it also affects the long tubular bones, accounting for one-third of cases [2, 3] . However, the vast majority of those arising from the long tubular bones are intramedullary or intracortical lesions, and periosteal involvement is extremely rare. Only 20 cases of periosteal osteoblastoma arising from the long tubular bones have been reported in the last 40 years [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The rarity of this tumor makes it difficult to draw conclusions regarding its clinical features and typical imaging findings. As far as we are aware, the magnetic resonance (MR) imaging findings of periosteal osteoblastoma have not been well described. Therefore, we report herein an extremely rare case of periosteal osteoblastoma of the distal femur and sought to define the characteristic features of this tumor by reviewing the literature, especially highlighting its MR appearance. disappeared when she took non-steroidal anti-inflammatory drugs. She had no past history of trauma. On physical examination, a firm, nonmovable mass was palpable at the medial side of her right knee and there was exquisite pain on pressure. There was no right knee effusion. The range of motion was between 0°and 120°, which, because of the pain, was restricted in flexion by 20°compared with the contralateral knee. All routine laboratory tests were within normal limits.
Plain radiographs revealed a small mineralized mass on the medial aspect of the distal femoral metaphysis with peripheral sclerosis and central lucency (Fig. 1) . Computed tomography (CT) revealed a mineralized mass arising on the cortical surface projecting into the soft tissues. Slight thickening of the adjacent cortex was present. No cortical destruction or medullary involvement was noted (Fig. 2) .
MR imaging showed the well-demarcated lesion lying over the surface of the cortical bone, measuring approximately 1 cm. The lesion was isointense relative to skeletal muscle on T1-weighted images (Fig. 3a) , hyperintense and heterogeneous on T2-weighted images (Fig. 3b) , and moderately enhanced after intravenous administration of contrast medium (gadolinium diethylenetriamine pentaacetic acid; Gd-DTPA). Extensive surrounding soft tissue edema seemed to reflect inflammatory change (Fig. 3b) .
From both the indolent clinical course and radiological findings, the preoperative differential diagnosis included benign tumors or tumor-like lesions originating from the surface of cortical bone, for example periosteal chondroma, fractured osteochondroma, periosteal osteoblastoma, myositis ossificans, florid reactive periostitis, bizarre parosteal osteochondromatous proliferation, avulsive cortical irregularity syndrome, or Pellegrini-Stieda disease. Because of continuous and uncontrollable pain despite the medication with analgesics, surgical excision was subsequently performed. Histologic examination of the resected specimen revealed the tumor was mainly composed of irregular trabeculae of osteoid, rimmed by mature-looking active osteoblasts with little polymorphism. The stroma was rather loose, with many capillaries and small spindleshaped cells. Osteoclasts were scattered in the stroma and at the surface of the trabeculae (Fig. 4) . On the basis of the clinical, radiological and histological findings, we diagnosed the lesion as periosteal osteoblastoma. Preoperative symptoms immediately disappeared after surgery and the patient's postoperative course was uneventful. Her postoperative range of motion at the knee joint became normal. Sixteen months after the surgery, she was asymptomatic and no local recurrence was evident. Written informed consent was obtained from the patient and her family.
Discussion
Osteoblastoma is an uncommon benign bone tumor that was first described by Lichtenstein and Jaffe in 1956 [8] . It accounts for approximately 1% of all primary bone tumors and usually affects young adults before the age of 30 years [9] . Osteoblastoma frequently affects the posterior elements of vertebral column followed by the femur, mandible, tibia, and fibula [1] . These are usually forms of intramedullary or, occasionally, intracortical lesions and periosteal involvement is extremely rare [13] . Lichtenstein and Sawyer [8] first described the periosteal subtype of osteoblastoma in 1964 and only 33 cases (including our case) have been reported in the English literature (Table 1 ) [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
Osteoblastoma usually occurs in the second and third decades of life, with cases reported from 6 months to Fig. 1 AP radiograph of the right knee revealed a small mineralized mass on the medial aspect of the distal femoral metaphysis Fig. 2 Axial CT revealed a mineralized mass arising on the cortical surface projecting into the soft tissues. Slight thickening of the adjacent cortex was present. No cortical destruction or medullary involvement was noted 75 years of age [2, 3] . Osteoblastoma occurs most often in males (male to female ratio 2:1) [1, 18] . Most patients with osteoblastoma present with pain and/or tenderness and occasionally with swelling [2, 3, 23] . The duration of pain ranges from a few months to several years and the pain from osteoblastoma may become severe at night and may not respond to aspirin or non-steroidal anti-inflammatory drugs [23, 24] . As mentioned above, osteoblastoma occurs most often in the posterior elements of vertebral column and the diaphysis or metaphysis of long tubular bones of the appendicular skeleton (32% in the vertebral column, 12% in the femur, and 10% in the tibia) [2] .
The 33 previously reported cases of periosteal osteoblastoma are summarized, with their demographics, in Table 1 . Periosteal osteoblastoma has male preponderance, with male to female ratio, 18:7 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The mean age of reported cases was 25 (range from 7 to 66) years [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The most frequent sites of involvement were the femur in 10, followed by the craniofacial bones in 8, the humerus in 4, the tibia and the rib in 3, the fibula in 2 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . It affects long tubular bone more frequently (20/32, 64%) than vertebral bone unlike the conventional type of osteoblastoma. When the tumors occur in the long tubular bones, the metaphysis and the diaphysis are most often involved [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The most common first manifestation was pain and/ or swellings. Unlike our case, severe night pain, which is typical of osteoid osteoma, is not common for periosteal osteoblastoma or conventional osteoblastoma.
There have been several reports of radiographic findings for periosteal osteoblastoma. These typically reveal mildly increased soft tissue density and intralesional mineralization close to the cortex of the diaphysis or metaphysis of a long tubular bone [11] . Cortical erosion (with or without Fig. 3 a Coronal T1-weighted MR image reveals a bone surface lesion that is homogeneous and isointense relative to skeletal muscle (Arrow). b Axial T2-weighted STIR image reveals a lesion that is heterogeneous and hyperintense (Arrow). Perilesional edema is apparent in the surrounding soft tissues (Arrow head). Intramedullary edema is not evident Fig. 4 The tumor is mainly composed of irregular trabeculae of osteoid rimmed by mature-looking active osteoblasts with little polymorphism (H&E 940). The stroma was rather loose, with many capillaries and small spindle-shaped cells. Osteoclasts were scattered in the stroma and at the surface of the trabeculae (inset 9400) cortical thickening) and periosteal reactive bone formation can be seen [6, 11] , however, cortical destruction with extensive invasion of the intramedullary space is unusual. The radiographic findings in our case are almost consistent with previous reports.
Periosteal osteoblastoma should be differentiated radiologically from other bone surface lesions including both benign and malignant processes. Such benign lesions include osteochondroma, periosteal chondroma, periosteal osteoblastoma, myositis ossificans, florid reactive periostitis, bizarre parosteal osteochondromatous proliferation, and avulsive cortical irregularity syndrome. In our case, Pellegrini-Stieda disease, known as ossification around the medial femoral condyle, was included in the differential diagnosis because of the site of the tumor. Malignant lesions include periosteal osteosarcoma, parosteal osteosarcoma, and high-grade surface osteosarcoma. Differentiating periosteal osteoblastoma from such malignant tumors is quite critical, because the treatment approach is different. In our case we evaluated the lesion as benign on the basis of the indolent course; in retrospect, however, it is thought to be difficult to diagnose this lesion as periosteal osteoblastoma from the clinical findings and the radiographic features only. The diagnostic difficulty may be attributed to the relatively non-specific radiographic findings and its extremely rare incidence.
MR findings of periosteal osteoblastoma have been reported in 4 cases only, and little information is available regarding its characteristic features [6, 7, 11, 13] . The MR findings obtained from previous reports are summarized in Table 2 . Periosteal osteoblastoma was typically isointense relative to skeletal muscle on T1-weighted images, with a mixture of low and high signal intensity on T2-weighted images. Low signal intensity on T2-weighted images corresponded to mineralization. After administration of contrast medium, moderate enhancement was observed. Signal characteristics and enhancement patterns were non-specific. In 2 cases, focal areas with low signal intensity in the medullary cavity on T1-weighted images were noted adjacent to the tumor [6, 11] . This finding was not present in our case. In 4 cases, characteristic marked perilesional edema, reflecting inflammation, was noted not in the medullary cavity but only in the surrounding soft tissues. The characteristic MR appearances mentioned above, i.e., surrounding soft tissue edema without intramedullary edema, would be helpful in preoperative differential diagnosis. In summary, this report emphasizes the need for periosteal osteoblastoma to be included in the differential diagnosis of any bone-surface lesions arising from the metaphysis or the diaphysis of long bones of young adults, particularly when characteristic surrounding soft tissue edema without intramedullary edema on T2-weighted STIR images. Although it is unlikely that such a rare condition could reasonably diagnosed on the basis of MR findings alone, recognizing this extremely rare variant of osteoblastoma is nonetheless important for accurate diagnosis and appropriate management.
